Studies have shown an association between socioeconomic status and breast cancer treatment. We examined the relation between socioeconomic status and the treatment of breast cancer (surgical, systemic and radiation) in a universal health care system.
B
reast cancer is the most commonly diagnosed cancer and the second-leading cause of cancer mortality in North American women. 1 Breast cancer is treated with a multidisciplinary approach involving surgery, radiation, chemotherapy and antihormonal treatments. It is a highly curable type of cancer if diagnosed early.
There is evidence that nonbiological factors may affect the presentation, diagnosis, treatment and outcome of breast cancer in women. Many studies have shown a positive relation between higher socioeconomic status and improved breast cancer survival in the United States, [2] [3] [4] [5] the United Kingdom, 6 the Netherlands, 7 Australia 8 and Canada. [9] [10] [11] [12] In addition, compared to patients of higher socioeconomic status, those of lower socioeconomic status were found to be less often in screening programs, [13] [14] [15] to receive adjuvant chemoradiation less often [16] [17] [18] and to receive the diagnosis of breast cancer at a later stage. 19 Conversely, Gorey and colleagues 20 ,21 compared 2 areas in Canada and 2 areas in the US and found a positive association between socioeconomic status and breast cancer survival in Hawaii and Iowa but not in Manitoba and Ontario. They implicated universal health coverage in Canada in their discussion to explain this result. Regionally, socioeconomic status was found to have an impact on overall health and longevity in a study in Hamilton, Ontario. 22 The incidence of breast cancer in the inner city and urban core was lower than in the more affluent suburban areas, where socioeconomic status was higher, but rates of breast cancer mortality were higher in the inner city. 23 Breast reconstruction is available for patients undergoing mastectomy and is offered in an immediate or delayed fashion. Several studies showed that reconstruction was more likely to be chosen by women who were younger and white and who resided in an urban setting where there was better access to plastic surgeons. [24] [25] [26] Higher socioeconomic status has also been reported to be associated with a higher rate of breast reconstruction following mastectomy. 27 However, a report from Nova Scotia suggested that this might not be the case in Canada. 28 The current study aimed to assess the relation between socioeconomic status, surgical and nonsurgical treatment of breast cancer, and the rate of breast reconstruction in an urban Canadian centre where care is publicly funded. The city of Hamilton is an amalgamated city with an older postindustrial core and more affluent suburbs. The potential value of such research is to identify any discrepancy in care that is associated with factors related to socioeconomic status. Universal health care is designed to be equal and accessible to everyone; however, there remains underlying inequality in access to health care services that is not fully understood. The findings from this study should aid in increasing awareness of determinants of health and consumption of health care services, and potentially foster changes in public policy, resource allocation and education.
Methods

Study cohort
Consecutive patients with a diagnosis of breast cancer (surgical and nonsurgical cases, including invasive cancer and ductal carcinoma in situ) living in Hamilton from January 2010 to December 2011 were included in this retrospective chart review. Cases were identified through health record queries of hospital databases and the Regional Cancer Centre database in Hamilton. Male patients, patients with a diagnosis of benign breast disease and patients who resided outside of Hamilton or had their primary treatment for breast cancer outside Hamilton were excluded. Local research ethics board approval was obtained for the study.
Data collection
Trained data abstractors reviewed hospital and cancer centre charts and extracted the following information: patient demographic characteristics (age at diagnosis, marital status, obesity [body mass index > 30]), employment status, smoking status, comorbidities, presence of first-degree relative with breast cancer, previous breast cancer, method of tumour identification (asymptomatic screening v. symptomatic investigation), location of primary imaging (Ontario Breast Screening Program, hospital or nonhospital clinic), disease stage at diagnosis, type of breast and nodal surgery (breast-conserving surgery or mastectomy, sentinel lymph node biopsy, axillary lymph node dissection or status on breast reconstruction), pathological features (tumour size, nodal status, receptor status), receipt of neoadjuvant or adjuvant therapy (chemotherapy including trastuzumab, radiation to breast, chest wall and nodes, and hormonal therapy) and, for nonsurgical cases, type of palliative treatment. Employment status was coded as employed versus not employed (i.e., unemployed, receiving disability support, homemaker or retired).
Census data
We linked patients' postal codes to 2006 Canadian census data to extract the following data: education level (proportion of census tract population who completed college or university), immigration status (proportion of census tract population who immigrated in the previous 5 yr) and average income of the census tract of patient residence. We divided income into quintiles.
Statistical analysis
For data analysis, we performed descriptive statistics. 
Results
A total of 721 cases met the inclusion criteria and were reviewed. (Table 3) . Socioeconomic status factors were not significant predictors. After baseline differences were adjusted for, multivariable logistic regression analysis showed that patients younger than 50 years were 30 times more likely to have reconstruction, and those with a first-degree relative with breast cancer were twice as likely to have reconstruction. Furthermore, with each increase in income quintile, the odds of having breast reconstruction doubled for women aged 51-70 years (Table 3) . Table 4 outlines patient, disease and socioeconomic status factors compared with the type of nodal surgery. Of the 721 patients, 545 (75.6%) had nodal surgery, of whom 317 (58.2%) had sentinel lymph node biopsy and 228 (41.8%) had axillary lymph node dissection. Univariate analysis showed that age, having a first-degree relative with breast cancer and disease stage predicted sentinel lymph node biopsy; socioeconomic status factors (e.g., income quintile, higher education) were not significant. On multivariable analysis, predictors of not having nodal surgery were age more than 70 (OR 1.54, 95% CI 0.9-2.5), not employed (OR 1.85, 95% CI 1.1-3.1), nonsmoker (OR 1.97, 95% CI 1.3-3.1) and previous breast cancer (OR 3.66, 95% CI 2.2-6.2) ( Table 3) . Independent predictors of sentinel lymph node biopsy versus axillary lymph node dissection included no previous breast cancer (OR 3.00, 95% CI 1.3-7.0) and early stage disease (stage 0-1: OR 166.26, 95% CI 64.8-426.6; stage 2: OR 26.58, 95% CI 11.1-63.9). Table 5 outlines the demographic and socioeconomic status factors compared to systemic and radiation therapies. A total of 256 patients (35.5%) received chemotherapy, either in a neoadjuvant or an adjuvant setting, and 342 patients (87.0%) who had breast-conserving surgery received adjuvant radiation to the breast. Hormonal therapy was taken by 390 patients (72.8%) with positive receptor status. On multivariable analyses, predictors for chemotherapy included age less than 51 (OR 5.25, 95% CI 2.9-9.4), later-stage disease (stage 2: OR 7.50, 95% CI 4.40-13.1; stage 3-4: OR 36.64, 95% CI 19.5-68.6), being employed (OR 4.84, 95% CI 2.9-7.9) and being married (OR 1.90, 95% CI 1.2-3.0) ( 
Socioeconomic status versus systemic and radiation treatment for breast cancer
discussion
There are numerous treatment options in the management of breast cancer. Recommendations are based on many *Numbers do not sum to total in all cases because of missing data. †Includes chronic obstructive pulmonary disease, rheumatic disease, coronary artery disease, myocardial infarction, coronary heart failure, diabetes, kidney disease, major psychiatric illness, morbid obesity (body mass index > 40), other cancer diagnosis, osteoporosis, hypertension, hypercholesterolemia and neurodegenerative diseases (e.g., Parkinson's disease).
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potential factors: patient factors, tumour factors, local experience and guidelines. Many factors also can influence decisions that patients make. In our urban Canadian centre, we examined the relation between socioeconomic status and breast cancer treatment and found that socioeconomic status was related only to reconstruction rates after mastectomy and not to other surgical interventions. In addition, patients more than 70 years of age were less likely than younger patients to undergo axillary surgery, including sentinel node biopsy and axillary dissection. This might be explained by the findings from a randomized controlled trial that axillary surgery can be avoided in older women receiving hormonal therapy, with no adverse oncologic outcomes. 29 A US study showed that patients in lower socioeconomic classes were less likely than those in higher socioeconomic classes to undergo breast-conserving surgery owing to larger tumour size at the time of diagnosis. 30 Such results were not observed in our study. This may be partially attributable to Canada's universal health coverage but also to an ongoing effort to make screening more accessible, especially for women in lower socioeconomic status neighbourhoods. 25, 26 In the Hamilton region, a "Screen for Life" bus was initiated in 2012, and more than 600 patients were screened in its first year of operation. The program targeted neighbourhoods with low socioeconomic status and poor access to screening centres, and cultural groups less inclined to accept cancer screening. 31, 32 Such programs have also been used in northern Ontario, where access to health care is limited, and in urban neighbourhoods with lower socioeconomic status.
International studies have shown that patients with lower socioeconomic status are less likely than those with higher socioeconomic status to receive adjuvant chemoradiation. 11, 12, 33 Most of the studies were conducted in 2-tier health care systems; however, a recent study from Ontario showed that socioeconomic status affected breast cancer treatment and outcomes in a universal health care system. 12 We also found that patients who were not employed (including homemakers and those who were unemployed, receiving disability support or retired) were less likely than employed patients to receive systemic and radiation treatment in a publicly funded health care system. The explanation for this is unclear, as systemic and radiation therapies are generally covered by public health insurance; there may be limitations in coverage of certain drugs, and there may be other, ancillary costs (such as transportation and costs related to side effects of treatment) associated with these therapies that discourages treatment. It also unknown whether these therapies are recommended but not accepted by patients, or whether different recommendations are made by oncologists based on employment status, as these details were not included in our data collection. A more detailed study focused on this issue would elucidate whether patients with low socioeconomic status are receiving fewer systemic and radiation therapies owing to access versus patient choice versus recommendation by the medical or radiation oncologist.
Interestingly, married patients were 1.9 times more likely to receive chemotherapy than unmarried patients, presumably owing to increased social support and social networks. A retrospective cohort study using the National Hosmer-Lemeshow p value = 0.9
Predictors of SLNB v. ALND (n = 493)
No previous breast cancer 3.00 ( Cancer Institute Surveillance, Epidemiology, and End Results (SEER) database 34 showed that, compared to married women, unmarried women were more likely to receive their breast cancer diagnosis at a later stage, were less likely to receive therapy and had higher mortality, which reaffirms the importance of social support for patients to complete diagnostic and therapeutic care.
Socioeconomic status has been shown to influence the frequency of breast reconstruction in the US, Australia, England and Denmark. [18] [19] [20] [21] 35 In 2008, the rate of immediate reconstruction was 11.7% in Ontario. 30 Hamilton is considered to have good access to plastic surgery, and the rate of immediate reconstruction in our cohort was 15%. We found a strong association between socioeconomic status and rate of breast reconstruction in our study cohort: the odds of breast reconstruction doubled with each increase in income quintile among women aged 51-70. Past studies have suggested that patients with lower socioeconomic status have more comorbidities, 36 which makes them less ideal candidates for tissuebased reconstruction. One study showed that the rate of complications following breast reconstruction was also higher in patients in the lowest income quintile. 37 Implant-based reconstruction can be a less morbid procedure than autologous reconstruction, but it requires multiple visits to the clinic and repeat surgery to exchange the expander to a permanent implant once the ideal size is reached. This may entail a financial burden in terms of prolonged time off work and travel costs, making it less attractive for women with lower socioeconomic status. Reconstruction after mastectomy has been associated with better quality of life. 38 Increased public awareness and policy change are needed to make this a more available option for patients of lower socioeconomic status.
Strengths and limitations
Our demographic and clinical data were obtained directly from chart review, which allowed for more accurate and detailed information, with minimal missing data (about 10%, less than that in socioeconomic status studies using amalgamated data 39, 40 ). Because of the regional nature of breast cancer management in our centre, the chart review allowed us to retrieve extensive and complete data. However, it was a retrospective review and does not have the potential advantages of a prospective, amalgamated database. We were unable to obtain individual patient information for income, education and immigration status but, rather, used the neighbourhood average from the census tract. Furthermore, we used 2006 census data, as the 2011 census was a short form that did not contain variables of interest for this study. However, it is unlikely that there was marked change in economic status within the few years from the census to the data collection period (2010) (2011) . If there were absolute changes in income, it is even less likely that these changes would have affected quintile distributions.
conclusion
Despite universal health care funding, socioeconomic status appeared to affect breast cancer care in our Hamilton cohort in terms of neoadjuvant and adjuvant therapies, and breast reconstruction. Future directions include evaluation of socioeconomic status with the rate of screening and stage at diagnosis to see whether socioeconomic status has an impact before initiation of breast cancer treatment. It would also be interesting to evaluate whether there is any correlation between socioeconomic status, accessibility to a primary care physician, primary care practice models, and early breast cancer detection and diagnosis. Further research is required to more precisely determine how socioeconomic factors affect care, to identify such disparities and make all forms of breast cancer treatment more accessible to those with lower socioeconomic status.
